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(54) DISPLAY DEVICE, DISPLAY CONTROL METHOD AND ELECTRONIC DEVICE

(57) A display device includes a first photosensor
(PS1) that detects the light amount of ambient light of a
display area (11), a second photosensor (PS2) that de-
tects dark current arising when light is blocked, and
changeover switches (SW1, SW2) that select the first
photosensor (PS1) and the second photosensor (PS2).
The display device further includes a comparator (102)
that compares the output of the selected first photosensor
(PS1) or second photosensor (PS2) with a predeter-
mined reference value, and control means that calculates

the difference between the comparison result by the com-
parator (102) with the first photosensor (PS1) and the
comparison result by the comparator (102) with the sec-
ond photosensor (PS2) and controls the amount of light
supplied to the display area corresponding to the calcu-
lation result. This configuration suppresses the influence
of a detection error due to variation in the performance
between the photosensors applied to the display device
to thereby accurately adjust the amount of light supplied
to the display area.
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Description

Technical Field

[0001] The present invention relates to a display device that displays predetermined video, a display control method
for controlling the display device, and electronic apparatus employing a display device.

Background Art

[0002] Conventionally, as a photosensor used for dimming control of a liquid crystal display device, the following ones
are used. Specifically, in a liquid crystal display device employing an amorphous silicon TFT, as shown in FIG. 21, a
constant current circuit is connected to the sensor output and photocurrent is detected through conversion of current
into voltage.
[0003] Furthermore, in the case of low-temperature polysilicon (hereinafter, referred to as "LTPS"), a circuit can be
formed on a substrate and thus a circuit configuration in which a comparator is connected to the sensor output as shown
in FIGS. 22 and 23 is also possible. This circuit configuration allows a smaller circuit area and therefore the photosensor
can be disposed in the periphery of a pixel.

Disclosure of Invention

[0004] However, applying a photosensor to a display device employing LTPS involves the following problems.
Problem (a) ... the leakage amount (dark current) of the photosensor (transistor) is larger than that with single-crystal
silicon.
Problem (b) ... the light leakage amount (light current) of the photosensor is small.
Problem (c) ... variation (individual difference) in the performance of elements such as the photosensor and the compa-
rator is large in the same liquid crystal display device (panel).
Problem (d) ... the dark current of the photosensor changes depending on the temperature.
Unless these factors are solved, it is difficult to fabricate a photosensor with high accuracy in a liquid crystal display
device employing LTPS.
[0005] The present invention is made in order to solve such problems. Specifically, the present invention is a display
device including a first detection element that detects the light amount of outside light, a second detection element that
detects dark current arising when light is blocked, selection means for selecting either one of the first detection element
and the second detection element, a comparator that compares the output of the first detection element or the second
detection element selected by the selection means with a predetermined reference value, and control means for calcu-
lating the difference between a first comparison result obtained by the comparator when the first detection element is
selected by the selection means and a second comparison result obtained by the comparator when the second detection
element is selected, and controlling the amount of light supplied to the display area depending on the calculation result.
[0006]  In this present invention, the comparison between the output of the first detection element for detecting the
light amount of outside light and the predetermined reference value and the comparison between the output of the
second detection element for detecting dark current arising when light is blocked and the predetermined reference value
are carried out by one comparator. This allows elimination of the influence of variation in the performance of the com-
parator.
[0007] In the present invention, two comparison results are obtained by one comparator. These two comparison results
can be obtained in a time-division manner through selection of the first detection element or the second detection element
by the selection means.
[0008] Furthermore, by switching between the predetermined reference value used when the output of the first detection
element is compared by the comparator and the predetermined reference value used when the output of the second
detection element is compared by the comparator, an error of the calculation result due to variation in the performance
between both the detection elements can be suppressed.
[0009] In addition, by switching of additional capacitance connected in common to both the detection means between
when the first detection element is selected by the selection means and when the second detection element is selected,
the detection times of both the detection elements in the detection of the light amount of outside light and the detection
of dark current can be adjusted.
[0010] The detection element in the present invention is an element capable of outputting the current dependent on
the light-reception amount. Examples thereof include one having a diode configuration and one having a transistor
configuration.
[0011] Furthermore, the present invention is a display control method of a display device including a first detection
element that detects the light amount of outside light and a second detection element that detects dark current arising
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when light is blocked. The method includes the steps of detecting dark current arising when light is blocked by the second
detection element and calculating a comparison value obtained when light is blocked through comparison with a prede-
termined reference value, detecting current dependent on the ambient light amount by the first detection element and
calculating a comparison result obtained when light is received through comparison with a predetermined reference
value, and calculating the difference between the comparison result obtained when light is received and the comparison
result obtained when light is blocked, and controlling the amount of light supplied to the display area depending on the
calculation result.
[0012] In this present invention, in the comparison between the output of the first detection element for detecting the
light amount of outside light and the predetermined reference value and the comparison between the output of the
second detection element for detecting dark current arising when light is blocked and the predetermined reference value
by use of one comparator, switching between the comparison with the first detection element and the comparison with
the second detection element is carried out. This allows elimination of the influence of variation in the performance of
the comparator.
[0013]  Furthermore, the present invention is electronic apparatus including a display device provided in a case. In
the electronic apparatus, the display device includes a first detection element that detects the light amount of outside
light, a second detection element that detects dark current arising when light is blocked, selection means for selecting
either one of the first detection element and the second detection element, a comparator that compares the output of
the first detection element or the second detection element selected by the selection means with a predetermined
reference value, and control means for calculating the difference between a first comparison result obtained by the
comparator when the first detection element is selected by the selection means and a second comparison result obtained
by the comparator when the second detection element is selected, and controlling the amount of light supplied to the
display area depending on the calculation result.
[0014] In this present invention, the comparison between the output of the first detection element for detecting the
light amount of outside light and the predetermined reference value and the comparison between the output of the
second detection element for detecting dark current arising when light is blocked and the predetermined reference value
are carried out by one comparator. This allows elimination of the influence of variation in the performance of the com-
parator, and thus allows highly-accurate control of the amount of light supplied to the display area.

Brief Description of Drawings

[0015]

[FIG. 1] FIG. 1 is a schematic configuration diagram of a display device according to the present embodiment.
[FIG. 2] FIG. 2 is a schematic configuration diagram of another display device according to the present embodiment.
[FIG. 3] FIG. 3 is a circuit diagram for explaining major part of a display device according to a first embodiment.
[FIG. 4] FIG. 4 is a circuit diagram for explaining major part of a display device according to a second embodiment.
[FIG. 5] FIG. 5 is a circuit diagram showing a configuration capable of changing the element size of a second
photosensor.
[FIG. 6] FIG. 6 is a diagram showing the temperature characteristic of dark current.
[FIG. 7] FIG. 7 is a diagram for explaining the flow of a display control method according to a third embodiment.
[FIG. 8A] FIG. 8A is a diagram showing the timings of image displaying on a display area and detection by photo-
sensors.
[FIG. 8B] FIG. 8B is a diagram showing, following FIG. 8A, the timings of the image displaying on the display area
and the detection by the photosensors.
[FIG. 9] FIG. 9 is a diagram for explaining operation timings in an initialization period.
[FIG. 10] FIG. 10 is a schematic diagram showing an example of a flat module shape.
[FIG. 11] FIG. 11 is a perspective view showing a television to which the present embodiment is applied.
[FIG. 12] FIG. 12 is a perspective view showing a digital camera to which the present embodiment is applied.
[FIG. 13] FIG. 13 is a perspective view showing a notebook personal computer to which the present embodiment
is applied.
[FIG. 14] FIG. 14 is a perspective view showing a video camera to which the present embodiment is applied.
[FIG. 15] FIG. 15 is a diagram showing portable terminal apparatus to which the present embodiment is applied,
specifically e.g. a cellular phone.
[FIG. 16] FIG. 16 is a block diagram showing the configuration of a display-and-imaging device according to the first
embodiment of the present invention.
[FIG. 17] FIG. 17 is a block diagram showing a configuration example of an I/O display panel shown in FIG. 1.
[FIG. 18] FIG. 18 is a circuit diagram showing a configuration example of each pixel.
[FIG. 19] FIG. 19 is a circuit diagram for explaining the connection relationship between the respective pixels and
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a sensor readout H driver.
[FIG. 20] FIG. 20 is a timing diagram for explaining the relationship between the on-/off-state of a backlight and the
display state.
[FIG. 21] FIG. 21 is a diagram for explaining a conventional example (first).
[FIG. 22] FIG. 22 is a diagram for explaining a conventional example (second).
[FIG. 23] FIG. 23 is a diagram for explaining a conventional example (third).

Best Modes for Carrying Out the Invention

[0016] Embodiments of the present invention will be described below based on the drawings.

<Outline of Display Device>

[0017] FIG. 1 is a schematic configuration diagram of a display device according to the present embodiment. Specif-
ically, a display panel 10 as the display device of the present embodiment includes a display area (sensor area) 11, a
selection switch 12 that carries out scanning along the H (horizontal) direction for displaying, a V driver 13 that carries
out scanning along the V (vertical) direction for displaying, a display driver 14, a sensor driver 15, and plural photosensors
PS.
[0018] The display area (sensor area) 11 modulates light from a backlight, which is not shown in the drawing, and
outputs display light. The plural photosensors PS are disposed in the periphery of the display area 11 and are driven by
the sensor driver 15. The display driver 14 and the sensor driver 15 are collected into an integrated circuit and are
mounted as a chip component on the substrate.
[0019] The selection switch 12 line-sequentially drives the liquid crystal elements of the respective pixels in the display
area 11 together with the V driver 13, based on a display signal and a control clock for display driving, supplied from the
display driver 14.
[0020] Around the display area 11, the plural photosensors PS are disposed. The photosensors PS are formed of a
diode configuration or a transistor configuration and are formed on the same substrate as that of the drive elements
formed in the display area 11 for example.
[0021] The display panel 10 is connected via a cable to external interfaces (e.g. a display interface, CPU interface)
and a backlight control means and is driven based on a control signal and a video signal from these units.
[0022] Although four photosensors PS are provided corresponding to the corners of the display area 11 in the example
shown in FIG. 1, it is sufficient that at least two photosensors are provided. One of these two photosensors serves as
a first photosensor that detects the light amount of outside light and the other serves as a second photosensor that
detects dark current arising when light is blocked. In the present embodiment, the control unit (backlight control means)
controls the light amount of the backlight based on the detection results by these photosensors.
[0023] FIG. 2 is a schematic configuration diagram of another display device according to the present embodiment.
A display panel 10 as the display device shown in FIG. 2 is the same as the above-described display panel 10 shown
in FIG. 1, except that the arrangement of the photosensors PS is different. Specifically, in the display panel 10 shown
in FIG. 2, the photosensors PS are disposed in the display area 11, and the light amount of outside light is detected by
the photosensors PS disposed in the display area 11.
[0024] Although four photosensors PS are provided in the display area 11 in the example shown in FIG. 2, it is sufficient
that at least two photosensors are provided. Of these two photosensors, one photosensor PS is disposed in the display
area 11, and the other photosensor PS is provided in the display area 11 or in the periphery of the display area 11.
[0025] The photosensor PS disposed in the display area 11 serves as the first photosensor that detects the light
amount of outside light, and the other photosensor PS provided in the display area 11 or in the periphery of the display
area 11 serves as the second photosensor that detects dark current arising when light is blocked. In the present em-
bodiment, the control unit (backlight control means) controls the light amount of the backlight based on the detection
results by these photosensors.
[0026] Specific application examples of two photosensors in the above-described display device will be described
below.

<First Embodiment: Configuration for Eliminating Influence of Individual Difference in Comparator Characteristics>

[0027] The present embodiment has the following circuit configuration. Specifically, based on a configuration that
performs arithmetic operation for the outputs of the first photosensor that detects the light amount of outside light and
the second photosensor that detects dark current arising when light is blocked as photosensors that are formed near
the display area or in the display area on the same substrate, detection results are held by using the same comparator
through switching between the first photosensor and the second photosensor, and the difference between these detection
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results is obtained by a difference calculation circuit.
[0028] In the conventional example shown in FIG. 23, dark current is automatically removed. However, removal of
dark current on the output side is necessary when the method of FIG. 22 is used. In order to remove dark current, two
photosensors are disposed and one sensor is shielded from light by a color filter (black) so as to be prevented from
being irradiated with light. The output of the sensor shielded from light corresponds to only dark current, and therefore
only light current can be worked out by calculating the difference from the output of the sensor irradiated with light.
[0029] However, obtaining the conventional structure with LTPS involves a problem that the individual difference of
the comparator is large and thus difference arises in the output.
[0030] To address this problem, in the present embodiment, as shown in FIG. 3, changeover switches SW1 and SW2
are attached to the outputs of photosensors PS1 and PS2 on the dimming side and the light-blocked side, respectively,
and detection results are read out in a time-division manner by using the same comparator 102. This makes it possible
to remove the error of the comparator 102 and achieve the effect of reduction in the circuit area.

<Display Control Method by Display Device According to First Embodiment>

[0031] As described above, the first photosensor PS1 that detects the light amount of outside light and the second
photosensor PS2 that detects dark current arising when light is blocked are provided in the display device according to
the present embodiment, and comparison between the detection results by these photosensors and predetermined
reference values is carried out with one comparator 102 in this display device. For this purpose, switching between the
first photosensor PS1 and the second photosensor PS2 is carried out, and the comparator 102 is operated in a time-
division manner.
[0032] Initially, the changeover switch SW1 of the first photosensor PS1 is turned OFF, whereas the changeover
switch SW2 of the second photosensor PS2 is turned ON. In this state, the reset of the second photosensor PS2 is
turned ON/OFF one time and detection is started. This detection is equivalent to measurement of dark current arising
when light is blocked because a black color filter is provided for the second photosensor PS2. The detection result is
sent to one input of the comparator 102. To the other input of the comparator 102, the predetermined reference value
used when the second photosensor PS2 is selected is input.
[0033] Subsequently, the time (e.g. the number of steps) from the detection start to the timing at which the detection
value of the second photosensor PS2 surpasses the predetermined reference value is counted and stored in the memory
of a difference calculation circuit 104.
[0034] Subsequently, the changeover switch SW2 of the second photosensor PS2 is turned OFF, whereas the change-
over switch SW1 of the first photosensor PS1 is turned ON. In this state, the reset of the first photosensor PS1 is turned
ON/OFF one time and detection is started. The first photosensor PS1 can receive ambient light, and thus this detection
is equivalent to measurement of current arising at the time of light irradiation. The detection result is sent to one input
of the comparator 102. To the other input of the comparator 102, the predetermined reference value used when the first
photosensor PS1 is selected is input.
[0035] Subsequently, the time (e.g. the number of steps) from the detection start to the timing at which the detection
value of the first photosensor PS1 surpasses the predetermined reference value is counted and stored in the memory
of the difference calculation circuit 104.
[0036] Subsequently, the detection result by the first photosensor PS1 and the detection result by the second photo-
sensor PS2, stored in the memory of the difference calculation circuit 104, are read out, and the difference calculation
circuit 104 performs operation of subtracting the detection result by the second photosensor PS2 from the detection
result by the first photosensor PS1. This allows achievement of the result arising from subtraction of the component
corresponding to the dark current from the detection result obtained at the time of the light irradiation. Based on this
calculation result, the light amount of the backlight emitted onto the display area 11 (see FIG. 1) is controlled by the
backlight control means. For example, the light amount of the backlight is increased when the ambient light amount is
larger, whereas the light amount of the backlight is decreased when the light amount of ambient light is smaller.
[0037] In this manner, the detection results about two photosensors PS1 and PS2 are compared by using one com-
parator 102 and calculation is performed with use of the values. Thus, the light amount detection can be accurately
carried out without suffering from the influence of variation in the characteristics of the comparator 102.

<Second Embodiment: Configuration for Eliminating Influence of Individual Difference in Photosensor Characteristics>

[0038] FIG. 4 is a circuit diagram for explaining major part of a display device according to a second embodiment.
This display device is the same as the first embodiment (see FIG. 3) in that the display device includes the first photosensor
PS1 that detects the light amount of outside light, the second photosensor PS2 that detects dark current arising when
light is blocked, the changeover switches SW1 and SW2 for switching between the first photosensor PS1 and the second
photosensor PS2, and the comparator 102. However, this display device is different from the first embodiment in that
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additional capacitance C connected to the output line common to the first photosensor PS1 and the second photosensor
PS2 is variable and the reference value of the comparator 102 is variable.
[0039] The additional capacitance C in the display device of the present embodiment can be switched between when
the first photosensor PS1 is selected and when the second photosensor PS2 is selected. Furthermore, the reference
value of the comparator 102 in the display device of the present embodiment can also be switched between when the
first photosensor PS1 is selected and when the second photosensor PS2 is selected.
[0040] In the light amount detection with the first photosensor PS1 and the second photosensor PS2, the existence
of individual difference in the element characteristics between the first photosensor PS1 and the second photosensor
PS2 causes the lowering of the accuracy of the outputs of the photosensors.
[0041]  To address this problem, the present embodiment employs a configuration that can change the additional
capacitance C and the reference value of the comparator 102 as described above, as a scheme for adjusting the element
individual difference between the photosensors PS1 and PS2.
[0042] In such a configuration, the element individual variation between the photosensors PS1 and PS2 can be
absorbed by performing initial calibration about the display device and feedback of the values thereof. For example, in
the initial calibration (e.g. in calibration at the time of product shipping), the additional capacitance C or the reference
value is so adjusted that the detection result obtained when dark current is detected by the first photosensor PS1
corresponds with the detection result obtained when dark current is detected by the second photosensor PS2.
[0043] Specifically, in the case of adjusting the additional capacitance C, initially the reference value of the comparator
102 is set to a constant value ref1 and dark current arising when certain additional capacitance C (referred to as C1, in
this example) is employed is detected by the first photosensor PS1, and the comparison result by the comparator 102
is obtained.
[0044] Subsequently, with use of the reference value ref1 of the comparator 102 as with the previous detection, dark
current is detected by the second photosensor PS2 and the comparison result by the comparator 102 is obtained. In
this detection, the additional capacitance C is changed to determine the additional capacitance C (referred to as C2, in
this example) that provides the comparison result corresponding with the comparison result previously detected with
the first photosensor PS1.
[0045] Furthermore, in the case of adjusting the reference value, initially the additional capacitance C is fixed at C1
and the reference value of the comparator 102 is set to the constant value ref1. Subsequently, dark current is detected
by the first photosensor PS1 and the comparison result by the comparator 102 is obtained. Subsequently, with use of
the additional capacitance C1 as with the previous detection, dark current is detected by the second photosensor PS2
and the comparison result by the comparator 102 is obtained. In this detection, the reference value of the comparator
102 is changed to determine the reference value (referred to as ref2, in this example) that provides the comparison
result corresponding with the comparison result previously detected with the first photosensor PS1.
[0046] Subsequently, the additional capacitance C1 or the reference value ref1 corresponding to the first photosensor
PS1 and the additional capacitance C2 or the reference value ref2 corresponding to the second photosensor PS2 are
stored, and these values are used in actual light amount measurement.

<Display Control Method by Display Device According to Second Embodiment>

[0047] As described above, the first photosensor PS1 that detects the light amount of outside light and the second
photosensor PS2 that detects dark current arising when light is blocked are provided in the display device according to
the present embodiment, and comparison between the detection results by these photosensors and predetermined
reference values is carried out with one comparator 102 in this display device. For this purpose, switching between the
first photosensor PS1 and the second photosensor PS2 is carried out by the changeover switches SW1 and SW2, and
the comparator 102 is operated in a time-division manner. Furthermore, on the premise that the additional capacitance
C1 or the reference value ref1 corresponding to the first photosensor PS1 and the additional capacitance C2 or the
reference value ref2 corresponding to the second photosensor PS2 are stored in advance, measurement is performed
with switching between these values.
[0048] Initially, the changeover switch SW1 of the first photosensor PS1 is turned OFF, whereas the changeover
switch SW2 of the second photosensor PS2 is turned ON. Furthermore, the additional capacitance C2 or the reference
value ref2, which is stored in advance and corresponds to the second photosensor PS2, is set. In this state, the reset
of the second photosensor PS2 is turned ON/OFF one time and detection is started. This detection is equivalent to
measurement of dark current arising when light is blocked because a black color filter is provided for the second pho-
tosensor PS2. The detection result is sent to one input of the comparator 102. To the other input of the comparator 102,
the predetermined reference value ref2 used when the second photosensor PS2 is selected is input.
[0049] Subsequently, the time (e.g. the number of steps) from the detection start to the timing at which the detection
value of the second photosensor surpasses the predetermined reference value ref2 is counted and stored in the memory
of the difference calculation circuit 104.
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[0050] Subsequently, the changeover switch SW2 of the second photosensor PS2 is turned OFF, whereas the change-
over switch SW1 of the first photosensor PS1 is turned ON. Furthermore, the additional capacitance C1 or the reference
value ref1, which is stored in advance and corresponds to the first photosensor PS1, is set. In this state, the reset of the
first photosensor PS1 is turned ON/OFF one time and detection is started. The first photosensor PS1 can receive ambient
light, and thus this detection is equivalent to measurement of current arising at the time of light irradiation. The detection
result is sent to one input of the comparator 102. To the other input of the comparator 102, the predetermined reference
value ref1 used when the first photosensor PS1 is selected is input.
[0051]  Subsequently, the time (e.g. the number of steps) from the detection start to the timing at which the detection
value of the first photosensor PS1 surpasses the predetermined reference value ref1 is counted and stored in the memory
of the difference calculation circuit 104.
[0052] Subsequently, the detection result by the first photosensor PS1 and the detection result by the second photo-
sensor PS2, stored in the memory of the difference calculation circuit 104, are read out, and the difference calculation
circuit 104 (see FIG. 3) performs operation of subtracting the detection result by the second photosensor PS2 from the
detection result by the first photosensor PS1. This allows achievement of the result arising from subtraction of the
component corresponding to the dark current from the detection result obtained at the time of the light irradiation. Based
on this calculation result, the light amount of the backlight emitted onto the display area 11 (see FIG. 1) is controlled by
the backlight control means. For example, the light amount of the backlight is increased when the light amount of ambient
light is larger, whereas the light amount of the backlight is decreased when the light amount of ambient light is smaller.
[0053] In this manner, detection is performed after the additional capacitance C1, C2 or the reference value ref1, ref2
is set for each of two photosensors PS1 and PS2, and the detection results are compared by one comparator 102. Thus,
the light amount detection can be accurately carried out without suffering from the influence of characteristic variation
between two photosensors PS1 and PS2 and variation in the characteristics of the comparator 102.
[0054] As a configuration to suppress characteristic variation between two photosensors PS1 and PS2, the following
ones will be available besides the above-described configuration employing switching of the additional capacitance C
or the reference value.
[0055]

(1) a configuration that has a function to change the element size of two photosensors (or either one thereof) and
includes a circuit capable of externally controlling the element size of these photosensors. FIG. 5 is a circuit diagram
showing a configuration capable of changing the element size of the second photosensor. Plural second photosen-
sors PS2 are provided in parallel, and how many photosensors among them are to be used can be selected by
switches. This selection is determined in initial calibration in advance and is applied to detection of the light amount
(dark current) with use of the second photosensor PS2. The selected element size may be a value recorded in a
non-volatile memory in advance. Furthermore, fuses may be provided instead of the switches and the fuse may be
burned off depending on the selected element size.
(2) a configuration that includes a photosensor formed on the same substrate as that of the display area and can
change the supply voltage of the photosensor element depending on the element characteristics of the photosensor.
(3) a configuration that has a function to change the voltage supplied to the photosensor at the time of the reset of
two photosensors (or either one thereof) and includes a circuit capable of externally controlling the voltage supplied
to the photosensor. The voltage supplied at the time of the reset is obtained in initial calibration in advance and is
applied to detection of the light amount (dark current) with use of the photosensor.

<Third Embodiment: Configuration for Avoiding Lowering of Resolution Dependent on Temperature and Outside Light 
Illuminance>

[0056] The present embodiment is a scheme for avoiding the lowering of the resolution of the photosensor dependent
on the temperature and the outside light illuminance with use of a display device having the configuration shown in FIGS.
4 and 5.
[0057] LTPS has a drastic temperature characteristic as the dark current (transistor leakage) characteristic as shown
in FIG. 6. Therefore, in the case of a sensor circuit that charges the current flowing through the photosensor element in
capacitance and outputs it as a time via the comparator in the configuration of the display device shown in FIGS. 4 and
5, the electric charges charged in the capacitance increase if dark current increases on the higher temperature side.
This leads to a problem that the output time is shortened and thus the detection resolution is lowered.
[0058] To address this problem, in the present embodiment, the additional capacitance C that is used in the display
device shown in FIGS. 4 and 5 and whose capacitance value can be selected from the external is utilized to avoid the
lowering of the resolution of the photosensor dependent on the temperature and the ambient light illuminance.
[0059] Specifically, in the situation in which electric charges are rapidly accumulated in the additional capacitance C
when the temperature is high or the illuminance is high and the resolution is lowered, the additional capacitance C is
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increased based on control from the external and thereby the time of the charging of electric charges in the additional
capacitance C is extended, to thereby enhance the resolution of the photosensor. In contrast, when current is small due
to a low temperature or low illuminance, the time of the charging of electric charges in the additional capacitance C is
controlled by decreasing the additional capacitance C, so that the measurement time is shortened.
[0060] This switch control of the additional capacitance C is carried out in the initialization period previous to the above-
described detection of dark current by the second photosensor PS2 and detection of the ambient light amount by the
first photosensor PS1. Examples of the initialization period include the vertical blanking period in image displaying on
the display area 11 (see FIG. 1).

<Display Control Method by Display Device According to Third Embodiment>

[0061] A specific display control method by the display device of the present embodiment will be described below. As
described above, dark current of LTPS has a drastic temperature characteristic. Therefore, if, in the display device shown
in FIG. 4, measurement is carried out by separately using the photosensor on the light-blocked measurement side
(second photosensor PS2) and the photosensor on the light-irradiation measurement side (first photosensor PS1) and
the difference between the outputs of the photosensors is calculated to thereby measure light current, the additional
capacitance C is changed in order to ensure high resolution. However, the setting range of the additional capacitance
C needs to be wide because change in dark current dependent on the temperature is large, and it is difficult to select
the optimum capacitance.
[0062]  To address this problem, in the present embodiment, the optimum additional capacitance C is selected by the
following method, to thereby achieve display control.
[0063] Initially, measurement with the second photosensor PS2, which is on the light-blocked measurement side, is
carried out with the same setting as that at the time of calibration and the measurement value is compared with the value
obtained in the calibration. This allows measurement of change in dark current. Specifically, because dark current
detection is performed under constant-temperature environment in the calibration, the detected value of dark current by
the second photosensor PS2 can be converted into change in the dark current dependent on the temperature through
comparison between the detected value by the second photosensor PS2 and the detected value at the time of the
calibration.
[0064] FIG. 7 is a diagram for explaining the flow of the display control method of the present embodiment, premised
on this principle. At first, as initialization, selection of the second photosensor and selection of the comparator reference
value and the additional capacitance used in the calibration are carried out. Thereafter, current arising when light is
blocked is measured by the second photosensor (first measurement step).
[0065] Subsequently, as initialization, selection of the second photosensor and selection of the comparator reference
value used in the calibration are carried out. In addition, from the ratio between the measurement result by the second
photosensor in the first step and the measurement result at the time of the calibration, the dark current amount is
estimated and the optimum capacitance is selected. Thereafter, current arising when light is blocked is measured by
the second photosensor again (second measurement step).
[0066] Subsequently, as initialization, selection of the first photosensor, selection of the comparator reference value
used in the calibration, and selection of the optimum capacitance are carried out. Thereafter, the ambient light amount
is measured by the first photosensor (third measurement step). From this measurement result, the illuminance is worked
out in accordance with the following calculation equation.
[0067]

In this equation,
Lout: output illuminance [lx]
Sbk: comparator output value based on the dark current arising when light is blocked, measured by the second photo-
sensor in the calibration [time (e.g. step)]
SL: comparator output value based on the current arising at the time of irradiation with light of certain illuminance L0
[lx], measured by the first photosensor in the calibration [time (e.g. step)]
[0068] Sc in the above equation is represented as follows. 
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In this equation,
St: comparator output value based on the current value obtained at the time of light irradiation, detected by the first
photosensor in the actual measurement [time (e.g. step)]
Stbk: comparator output value based on the current value obtained when light is blocked, detected by the second
photosensor in the actual measurement [time (e.g. step)]
SRTbk: comparator output value based on the current value obtained when light is blocked, detected by the second
photosensor in the actual measurement with the same additional capacitance as that in the calibration [time (e.g. step)]
[0069] The illuminance calculation is continuously carried out in accordance with the above calculation equation in
such a way that the above-described steps from the first measurement step to the third measurement step is defined
as one cycle. This makes it possible to obtain the accurate illuminance with avoidance of the resolution lowering dependent
on the temperature and the outside light illuminance.
[0070] In the display device of the present embodiment, the light amount of the backlight emitted onto the display area
11 (see FIG. 1) is controlled by the backlight control means with use of the illuminance obtained in the above-described
embodiment. For example, the higher the obtained illuminance is, the larger the light amount of the backlight is set. In
contrast, the lower the obtained illuminance is, the smaller the light amount of the backlight is set.
[0071] The illuminance calculation and the control of the light amount of the backlight in the present embodiment may
be carried out independently of the timing of image displaying on the display area 11. However, it is desirable that certain
processing is executed in matching with the timing of image displaying, for avoiding the adverse effect on the image
displaying and preventing the sensor from being affected by the content of the displayed image and the display drive
itself, and in terms of easiness of the system configuration.
[0072] FIGS. 8A and 8B are diagrams showing the timings of image displaying on the display area and detection by
the photosensors. The image displaying on the display area is repeatedly carried out in such a way that a vertical blanking
period and a display period are defined as one field. In the example shown in FIGS. 8A and 8B, four photosensors are
provided and each photosensor repeatedly carries out the above-described steps from the first measurement step to
the third measurement step. One cycle from the first measurement step to the third measurement step is indicated by
the dashed-line frame in the diagrams. The initialization in each step is carried out in the vertical blanking period in the
image displaying. This can avoid the influence on the image displaying and prevent the sensor from being adversely
affected by the content of the displayed image and the display drive itself.
[0073] Furthermore, in each photosensor, the length of the detection period (active) differs depending on the light
amount. This is because the comparator output value differs depending on the light-reception amount.
[0074] FIG. 9 is a diagram for explaining operation timings in the initialization period. As described above, each
photosensor carries out the initialization in each measurement step within the vertical blanking period of the image
displaying. Specifically, as the initialization, the reset of the memory of the difference calculation circuit and input of
various kinds of data are carried out. The input data are information on which the first photosensor or the second
photosensor is to be selected, information on the comparator reference value to be selected, and information on the
additional capacitance to be selected.
[0075] Subsequently, the light amount (illuminance) of outside light of the display area is worked out by using the
values detected by the respective photosensors, and the backlight control means shown in FIG. 1 controls the light
amount of the backlight based on this light amount (illuminance).

<Electronic Apparatus>

[0076] The display device according to the present embodiment encompasses one having a flat module shape like
that shown in FIG. 10. For example, this display module is obtained as follows. A pixel array part in which pixels each
including a liquid crystal element, a thin film transistor, a thin film capacitor, a light-receiving element, and so on are
integrally formed into a matrix is provided on an insulating substrate 200. Furthermore, an adhesive is so disposed as
to surround this pixel array part (pixel matrix part) 201, and a counter substrate 202 composed of glass or the like is
bonded to the insulating substrate 200. This transparent counter substrate may be provided with a color filter, protective
film, light-blocking film, and so on according to need. The display module may be provided with e.g. a FPC (flexible
printed circuit) as a connector 203 for input/output of signals and so on to/from the pixel array part from/to the external.
[0077]  The display device according to the above-described present embodiment can be applied to a display device
that is included in electronic apparatus in any field and displays an image or video based on a video signal input to the
electronic apparatus or produced in the electronic apparatus. Specifically, the display device can be applied to a display
device in various kinds of electronic apparatus shown in FIGS. 11 to 15, such as a digital camera, notebook personal
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computer, portable terminal apparatus typified by a cellular phone, and video camera. Examples of electronic apparatus
to which the present embodiment is applied will be described below.
[0078] FIG. 11 is a perspective view showing a television to which the present embodiment is applied. The television
according to the present application example includes a video display screen 110 composed of a front panel 120, a filter
glass 130, and so on, and is fabricated by using the display device according to the present embodiment as the video
display screen 110.
[0079] FIG. 12 is a perspective view showing a digital camera to which the present embodiment is applied: (A) is a
front-side perspective view and (B) is a backside perspective view. The digital camera according to the present application
example includes a light emission unit 111 for flash, a display part 112, a menu switch 113, a shutter button 114, and
so on, and is fabricated by using the display device according to the present embodiment as the display part 112.
[0080] FIG. 13 is a perspective view showing a notebook personal computer to which the present embodiment is
applied. The notebook personal computer according to the present application example includes, in a main body 121
thereof, a keyboard 122 operated in inputting of characters and so forth, a display part 123 for image displaying, and so
on. This notebook personal computer is fabricated by using the display device according to the present embodiment as
the display part 123.
[0081] FIG. 14 is a perspective view showing a video camera to which the present embodiment is applied. The video
camera according to the present application example includes a main body 131, a lens 132 that is disposed on the side
face directed toward the front side and used to capture a subject image, a start/stop switch 133 used at the time of
imaging, a display part 134, and so on. This video camera is fabricated by using the display device according to the
present embodiment as the display part 134.
[0082] FIG. 15 is a diagram showing portable terminal apparatus to which the present embodiment is applied, specif-
ically e.g. a cellular phone: (A) and (B) are front view and side view, respectively, of the opened state, and (C), (D), (E),
(F), and (G) are front view, left-side view, right-side view, top view, and bottom view, respectively, of the closed state.
The cellular phone according to the present application example includes an upper case 141, a lower case 142, a
connection (hinge, in this example) 143, a display 144, a sub-display 145, a picture light 146, a camera 147, and so on.
This cellular phone is fabricated by using the display device according to the present embodiment as the display 144
and the sub-display 145.

<Display-and-Imaging Device>

[0083] The display device according to the present embodiment can be applied to the following display-and-imaging
device. This display-and-imaging device can be applied to the above-described various kinds of electronic apparatus.
FIG. 16 shows the entire configuration of the display-and-imaging device. This display-and-imaging device includes an
I/O display panel 2000, a backlight 1500, a display drive circuit 1200, a light-reception drive circuit 1300, an image
processing unit 1400, and an application program execution unit 1100.
[0084] The I/O display panel 2000 is formed of a liquid crystal panel (LCD (Liquid Crystal Display)) in which plural
pixels are arranged in a matrix across the entire surface. The I/O display panel 2000 has a function (display function)
to display a predetermined image such as graphics and characters based on display data through line-sequential oper-
ation, and has a function (imaging function) to capture the image of an object in contact with or in proximity to the I/O
display panel 2000 as described later. The backlight 1500 is obtained by arranging e.g. plural light emitting diodes and
serves as the light source of the I/O display panel 2000. The backlight 1500 carries out ON/OFF operation at high speed
at predetermined timings in synchronization with the operation timings of the I/O display panel 2000 as described later.
[0085]  The display drive circuit 1200 drives the I/O display panel 2000 (drives line-sequential operation) for displaying
of an image based on display data on the I/O display panel 2000 (for display operation).
[0086] The light-reception drive circuit 1300 drives the I/O display panel 2000 (drives line-sequential operation) for
acquisition of light-reception data by the I/O display panel 2000 (for imaging of an object). The light-reception data by
the respective pixels are accumulated in a frame memory 1300A e.g. on a frame-by-frame basis and are output as a
captured image to the image processing unit 1400.
[0087] The image processing unit 1400 executes predetermined image processing (arithmetic processing) based on
the captured image output from the light-reception drive circuit 1300, and detects and acquires information on the object
in contact with or in proximity to the I/O display panel 2000 (position coordinate data, data relating to the shape and the
size of the object, and so forth). Details of the processing of the detection will be described in detail later.
[0088]  The application program execution unit 1100 executes processing corresponding to predetermined application
software based on the detection result by the image processing unit 1400. Examples of the processing include one for
incorporating the position coordinates of the detected object into display data to thereby display the object on the I/O
display panel 2000. The display data produced by the application program execution unit 1100 is supplied to the display
drive circuit 1200.
[0089] A detailed configuration example of the I/O display panel 2000 will be described below with reference to FIG.
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17. The I/O display panel 2000 includes a display area (sensor area) 2100, a display H driver 2200, a display V driver
2300, a sensor readout H driver 2500, and a sensor V driver 2400.
[0090] The display area (sensor area) 2100 is an area for outputting display light through modulation of light from the
backlight 1500 and capturing the image of an object in contact with or in proximity to this area. In this area, liquid crystal
elements as light-emitting elements (display elements) and light-receiving elements (imaging elements) to be described
later are arranged in a matrix.
[0091] The display H driver 2200 line-sequentially drives the liquid crystal elements of the respective pixels in the
display area 2100 together with the display V driver 2300, based on a display signal and a control clock for display
driving, supplied from the display drive circuit 1200.
[0092] The sensor readout H driver 2500 line-sequentially drives the light-receiving elements of the respective pixels
in the sensor area 2100 together with the sensor V driver 2400, to thereby acquire a light-reception signal.
[0093] A detailed configuration example of each pixel in the display area 2100 will be described below with reference
to FIG. 18. A pixel 3100 shown in FIG. 18 includes a liquid crystal element as a display element and a light-receiving
element.
[0094] Specifically, on the display element side, a switching element 3100a formed of a thin film transistor (TFT) or
the like is disposed at the intersection of a gate electrode 3100h extending along the horizontal direction and a drain
electrode 3100i extending along the vertical direction. A pixel electrode 3100b including a liquid crystal is disposed
between the switching element 3100a and a counter electrode. The switching element 3100a carries out ON/OFF
operation based on a drive signal supplied via the gate electrode 3100h. When the switching element 3100a is in the
on-state, a pixel voltage is applied to the pixel electrode 3100b based on a display signal supplied via the drain electrode
3100i, so that the display state is set.
[0095] On the other hand, on the light-receiving element side adjacent to the display element, a light-reception sensor
3100c formed of e.g. a photodiode is disposed and a supply voltage VDD is provided thereto. A reset switch 3100d and
a capacitor 3100e are connected to the light-reception sensor 3100c. Charges dependent on the light-reception amount
are accumulated in the capacitor 3100e, and charges are reset by the reset switch 3100d. At the turn-on timing of a
readout switch 3100g, the accumulated charges are supplied via a buffer amplifier 3100f to a signal output electrode
3100j and output to the external. The ON/OFF operation of the reset switch 3100d is controlled by a signal supplied
from a reset electrode 3100k. The ON/OFF operation of the readout switch 3100g is controlled by a signal supplied from
a readout control electrode 3100k.
[0096] With reference to FIG. 19, the connection relationship between the respective pixels in the display area 2100
and the sensor readout H driver 2500 will be described below. In this display area 2100, a pixel 3100 for red (R), a pixel
3200 for green (G), and a pixel 3300 for blue (B) are arranged.
[0097] Charges accumulated in capacitors connected to the light-reception sensors 3100c, 3200c, and 3300c in the
respective pixels are amplified by the buffer amplifiers 3100f, 3200f, and 3300f, respectively, and are supplied via signal
output electrodes to the sensor readout H driver 2500 at the turn-on timings of the readout switches 3100g, 3200g, and
3300g, respectively. Constant current sources 4100a, 4100b, and 4100c are connected to the respective signal output
electrodes, and thus signals dependent on the light-reception amounts are detected by the sensor readout H driver 2500
with high sensitivity.
[0098] The operation of the display-and-imaging device will be described in detail below.
[0099] Initially, the basic operation of this display-and-imaging device, i.e. display operation and object imaging oper-
ation in a pixel, will be described below.
[0100] In this display-and-imaging device, a drive signal for displaying is produced in the display drive circuit 1200
based on display data supplied from the application program execution unit 1100, and line-sequential display driving of
the I/O display panel 2000 is carried out by this drive signal, so that an image is displayed. At this time, the backlight
1500 is also driven by the display drive circuit 1200, so that lighting and lighting-stop operation in synchronization with
the I/O display panel 2000 is carried out.
[0101] With reference to FIG. 20, the relationship between the on-/off-state of the backlight 1500 and the display state
of the I/O display panel 2000 will be described below.
[0102] First, in the case of image displaying with a frame cycle of e.g. 1/60 seconds, the backlight 1500 stops lighting
(is in the off-state) and thus displaying is not carried out during the former period of each frame period (for 1/120 seconds).
On the other hand, during the latter period of each frame period, the backlight 1500 carries out lighting (is in the on-
state) and display signals are supplied to the respective pixels, so that an image corresponding to this frame period is
displayed.
[0103] As above, the former period of each frame period is a light-absent period during which display light is not output
from the I/O display panel 2000. On the other hand, the latter period of each frame period is a light-present period during
which display light is output from the I/O display panel 2000.
[0104] When there is an object (such as a fingertip) in contact with or in proximity to the I/O display panel 2000, the
image of the object is captured by the light-receiving elements of the respective pixels in the I/O display panel 2000
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through line-sequential light-reception driving by the light-reception drive circuit 1300, and light-reception signals from
the respective light-receiving elements are supplied to the light-reception drive circuit 1300. The light-reception signals
of the pixels corresponding to one frame are accumulated in the light-reception drive circuit 1300 and are output as a
captured image to the image processing unit 1400.
[0105] The image processing unit 1400 executes predetermined image processing (arithmetic processing) to be de-
scribed below based on this captured image, so that information on the object in contact with or in proximity to the I/O
display panel 2000 (position coordinate data, data relating to the shape and the size of the object, and so forth) is detected.
[0106] The present invention provides the following advantage. Specifically, applying the photosensor to a display
device employing LTPS makes it possible to suppress the influence of a detection error due to variation in the performance
among the respective elements to thereby accurately adjust the amount of light supplied to the display area.

Claims

1. A display device comprising:

a first detection element that detects a light amount of outside light;
a second detection element that detects dark current arising when light is blocked;
selection means for selecting either one of the first detection element and the second detection element;
a comparator that compares an output of the first detection element or the second detection element selected
by the selection means with a predetermined reference value; and
control means for calculating difference between a first comparison result obtained by the comparator when
the first detection element is selected by the selection means and a second comparison result obtained by the
comparator when the second detection element is selected, and controlling an amount of light supplied to the
display area depending on a calculation result.

2. The display device according to claim 1, further comprising
reference value switch means for switching the predetermined reference value input to the comparator between the
cases when the first detection element is selected by the selection means and when the second detection element
is selected.

3. The display device according to claim 1, further comprising
additional capacitance switch means for switching additional capacitance connected in common to the first and
second detection elements between when the first detection element is selected by the selection means and when
the second detection element is selected.

4. A display control method of a display device including a first detection element that detects a light amount of outside
light and a second detection element that detects dark current arising when light is blocked, the method comprising:

a step of detecting dark current arising when light is blocked by the second detection element and calculating
a comparison value obtained when light is blocked through comparison with a predetermined reference value;
a step of detecting current dependent on an ambient light amount by the first detection element and calculating
a comparison result obtained when light is received through comparison with a predetermined reference value;
and
a step of calculating difference between the comparison result obtained when light is received and the comparison
result obtained when light is blocked, and controlling an amount of light supplied to the display area depending
on a calculation result.

5. The display control method according to claim 4, wherein
a predetermined reference value applied to calculation of the comparison result is switched between the cases when
current is detected by the second detection element and when current is detected by the first detection element.

6. The display control method according to claim 4, wherein
additional capacitance connected in common to the first and second detection elements is switched between the
cases when current is detected by the second detection element and when current is detected by the first detection
element.

7. The display control method according to claim 6, wherein
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the additional capacitance is set depending on an ambient temperature of the display area.

8. An electronic apparatus comprising a display device provided in a case, the display device including:

a first detection element that detects a light amount of outside light;
a second detection element that detects dark current arising when light is blocked;
selection means for selecting either one of the first detection element and the second detection element;
a comparator that compares an output of the first detection element or the second detection element selected
by the selection means with a predetermined reference value; and
control means for calculating difference between a first comparison result obtained by the comparator when
the first detection element is selected by the selection means and a second comparison result obtained by the
comparator when the second detection element is selected, and controlling an amount of light supplied to the
display area depending on a calculation result.
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